In-situ instrument calibration has been assessed at Mt. Waliguan Observatory, China based on continuous CE-318 sunphotometer measurements. The calibration procedure was introduced and calibration results were analyzed. From the analysis results, the measurement data obtained during airmass between 2.0 and 6.0 at AM are suitable for Langley method calibration. The final instrument calibration coefficients were achieved based on more than 10 plot curves with the criteria of relative standard deviation (RSD) less than 0.5% for infrared and visible wavelengths and 1.0% for UV wavelengths, respectively. The in-situ calibration coefficients differed less than 0.5% for infrared and visible wavelengths and 1.0% for UV wavelengths from inter-comparison calibration ones. Based on the analysis results, Mt. Waliguan Observatory is possible for the calibration of sunphotometer, especially in autumn and winter seasons.
Introduction
Atmospheric aerosols play an important role on the Earth's climate forcing, causing marked inhomogeneities over space and time scales in the distribution of the Earth's global radiation balance (Charlson et al. 1992) . Despite many aerosol studies, the aerosol optical properties are one of the largest sources of uncertainty in current assessments and predictions of global climate change (Hansen et al. 2000) . Ground-based measurement is very useful and accurate to study the aerosol optical properties (Holben et al. 2001 ) and validate the satellite results (Kleidman et al. 2006) .
Several international and regional networks of ground-based photometers such as AErosol RObotic NETwork-AERONET (Holben et al. 1998) , SKYradiometer NETwork-SKYNET (Kim et al. 2004; Uchiyama et al. 2005) , the Global Atmosphere Watch Precision Filter Radiometer-GAW PFR network (Wehrli 2002) , and China Aerosol Research Network-CARSNET (Che et al. 2009 ) have been set up over the past 20 years, taking advantage of the development of new instruments and techniques for the systematic observation of optical, microphysical and radiative aerosol properties from the ground.
The calibration is critical in the establishment and maintenance of any accurate database from a ground-based monitoring network (WMO GAW 2005) . Instrument calibration is a combination of the instrument precision, the calibration procedure, and the algorithms used (Holben et al. 1998 ). So far, calibration systems of AERONET, SKYNET, and GAW PFR network are all established integrally. For example, AERONET does the Langley calibration at Mauna Loa (MLO) and inter-comparison calibration at Goddard Space Flight Center (GSFC) periodically (Holben et al. 1998) . SKYNET adopts the in-situ uncentralized calibration procedure to track and evaluate the calibration status of the instrument (Campanelli et al. 2004) .
The China Aerosol Research Network -CARSNET is a ground-based aerosol monitoring network that uses the same CE318 sunphotometer as AERONET. This network, including about 37 stations throughout China, is a routine operation network established in 2002 for the study of aerosol optical property over the different areas in China and for the validation of satellite retrievals. So far, the inter-comparison calibration system has been established in Beijing similar to AERONET at GSFC (Che et al. 2009 
Data and study method
Mt. Waliguan Observatory (36.28°N, 100.09°E, 3816 m), located at the edge of the northeastern part of the Tibetan Plateau of western China, is one of the 27 WMO-GAW (World Meteorological Organization -Global Atmospheric Watch) global baseline sites under the jurisdiction of China Meteorological Administration -CMA. The area surrounding the observatory is pristine with sparse vegetation, mostly arid and semiarid grassland. Because of few anthropogenic emission sources of pollutants near the Waliguan station, the measurement data could represent the background atmosphere of Euroasia (Zhou et al. 2004) . Air masses from desert of Northwest China could have effect on this site, mainly in the spring season (Gong et al. 2003) . This suggests Mt. WLG is unsuitable for the application of the calibration purposes, since the numerous aerosol sources can increase the daily variability of the aerosol burden.
A Cimel 318 standard sunphotometer was installed at Mt. WLG in 2009 and has been running at this site almost continuously. The sunphotometer makes direct spectral solar radiation measurements within a 1.2° full field of view every 3 minutes at 8 normal bands at 340, 380, 440, 500, 675, 870, 940 , and 1020 nm. The sunphotometer data under clear days were selected manually according to the weather condition. The selected data should show no sharp fluctuations and vary smoothly with the solar elevation angle. Data under cloudy and overcast days were strictly removed. In this article, the data from September 2009 to March 2010 were selected. From March to August, Mt. WLG could be attributed to the effect of Asian Dust events in spring and strong atmospheric turbulence and many clouds in summer. Thus only the autumn and winter data were used after the data quality check.
The study method in this article is used by the Langley plot calibration. According to the Beer-Lambert-Bouguer law:
where V λ is the measured irradiance (in arbitrary units), V 0λ is the calibration coefficient, R is the Sun-Earth distance (in astronomical units), m is the optical air masses with corresponding optical depth τ. Taking the logarithm of Eq. (1) leads to:
If a series of measurements are taken over a range of air masses m during which the optical depth τ remained constant, the calibration coefficient V 0λ can be determined from the ordinate intercept of the least-squares fit when plotting the left-hand side of than 2.0 (around noon), the solar angles varies little and the difference of measurement values change small, thus all the data with airmass less than 2.0 are also not used for final Langley calibration retrieval.
From the analysis of V 0λ for all period, the fluctuations obtained using AM data is generally more stable than those obtained using PM data (Supplement 2). The RSD values of V 0λ at AM are about 1.8% to 3.3%, while 3.1% to 6.6% at PM. This indicated the atmosphere at AM over WLG was more stable than at PM. Thus, besides the airmass larger than 6.0, only those observation data at AM were used for final V 0λ regression.
Finally, there are totally 43 days' Langley calibration V 0λ
Eq. (2) versus m which could be calculated according to the date, time, latitude, and longitude of the location.
Results and discussion
Observation data on six case days at different wavelengths varied very smoothly with no sharp fluctuations and saturations (Supplement 1), which suggests such kind of selected days could be suitable for instrument calibration. The data at UV bands (340 and 380 nm) varied significantly larger than those at visible bands. The variation at infrared band of 1020 nm changed smaller than the others. From all 43 selected days' observation data, the data quality was checked rigorously. The instrument measures three times within about 30 seconds in one scenario. The triplet (defined as (max-min)/mean*100%), reflecting the stability of the instrument and atmosphere condition, was calculated for each wavelength. From Fig. 1 , one can see that the diurnal triplets are small under clear and stable weather conditions. The triplets are less than 1.0% between 2:00 to 8:00 GMT for all cases. The triplets of UV wavelengths are as large as 5.0% but 2.0−3.0% of visible wavelengths during time periods earlier than 2:00 GMT and later than 8:00 GMT. This indicated that the disperses of instrument measurements are larger during morning and afternoon, which could be attributed to the weak solar irradiance and rapid variation of the solar elevation angle. The daily average triplets of UV wavelengths are about 0.7−1.0% for 380 nm and 1.0−1.2% for 340 nm (Fig. 2) . The daily average triplets of visible wavelengths (440−870 nm) decrease with the increase of wavelengths. The values are less than 0.6%. For infrared and water vapor wavelengths, the triplets are larger than those at visible wavelengths of 670 nm and 870 nm but less than those at UV wavelengths. The triplet values are around 0.20−0.60%.
From the above analysis, although the daily average triplets are small, however, the diurnal triplets show big disperses when the airmass is large. Thus the data with airmass larger than 6.0 is deleted for final V 0λ retrieval. Moreover, when the airmass is less Fig. 1 . Diurnal variation of triplets at each wavelength on 6 case days. values obtained during the whole observation period (Supplement 3). As we know, the RSD is smaller, the V 0λ values distributed more concentratedly. The final V 0λ for each wavelength are decided with a threshold of the RSD values less than 0.5% for the infrared and visible wavelengths and less than 1.0% for the UV wavelengths. The bias V 0λ data above or below the mean were removed manually until making the average V 0λ values fall into the inter zone with RSD less than 0.5% and 1.0% for the infrared and visible wavelengths and for the UV ones, respectively. From the total 43 days' data, the RSD of the V 0λ values are about 1.6% to 3.0% for different wavelengths. After making the processing of RSD less than 0.5% for infrared and visible wavelengths and 1.0% for UV wavelengths, there are 22, 19, 21, 16, 13, 22, and 17 V 0λ values left for the wavelength of 1020 nm, 870 nm, 670 nm, 500 nm, 440 nm, 380 nm, and 340 nm, respectively. The average RSD values is about 0.47%, 0.29%, 0.34%, 0.34%, 0.45%, 0.76%, and 0.98%, respectively. Thus the final mean V 0λ values can be regarded as the calibration coefficients of the instrument at Mt. WLG. These calibration coefficients could be used for AOD calculation during the observation period. Figure 3 shows the calibration coefficients of the instrument at WLG by using the inter-comparison calibration method. The instrument was compared with the reference instrument calibrated at Izana (16°30´W, 28°18´N, 2391 m) , Spain. The measurements between two instruments were less than 10 seconds. According to the consistent ratios between two instruments, the V 0λ values at each wavelength of the reference instrument are transferred to the instrument installed in Mt. WLG. All these V 0λ values fluctuated less than 0.5%. The difference of V 0λ values between the inter comparison method and Langley plots regression method is shown in Fig. 4 . One can see that the V 0λ values are very adjacent to those obtained from Langley regression method. The differences are about 0.39%, 3.84%, 0.39%, 0.44%, 0.39%, 3.37% and 1.81% at 1020 nm, 870 nm, 670 nm, 500 nm, 440 nm, 380 nm, and 340 nm, respectively. The V 0λ values at UV wavelengths are larger than those at other wavelengths which could be probably due to the large errors for UV wavelength measurements. The difference of V 0λ values at 870 nm is also larger than other visible wavelengths, which could be caused by the filter problem. However, this technical question will be resolved and analyzed in detail through the instrument checking in future. Figure 5 presenting AOD derived from the measured sunphotometer data and retrieved calibration constant data. One can see that the appropriate AOD values could be derived accurately except AOD at 1020 nm because the 940 nm retrievals were not used to correct for water absorption at 1020 nm.
Conclusion and recommendations
The Langley plots regression method has been done at Mt. Waliguan Observatory based on about one year's continuous CE-318 measurements. The calibration procedure has been introduced and the calibration protocol has been established. Data with airmass between 2.0 and 6.0 at AM under clear and stable weather conditions are suitable for instrument calibration. Through the controlling of RSD less than 0.5% for infrared and visible wavelengths and 1.0% for UV wavelengths, the average calibration coefficients could be regarded as the instrument coefficients during the observation period for aerosol optical depth retrieval. The difference of the calibration coefficients between the Langley plots regression method and the inter-comparison calibration one is very similar. AOD could be derived from the measured sunphotometer data and retrieved calibration constant data appropriately. Thus this in-situ calibration method could be extended to other sites similar to Mt. Waliguan for data quality check in future.
However, the sunphotometer at Mt. Waliguan is just a standard instrument but not the reference one of CARSNET. Usually the field instrument should be recalibrated at least once a year. While as for the reference instrument, it should be recalibrated by using Langley method at least every 6 months to keep its accuracy and comprehend the degradation of the filters. As for the reference instrument calibration of CARSNET, the sunphotometer should be moved to Mauna Loa or Izana for more measurements to compare. And then the Mt. Waliguan could be assessed deeply whether it is suitable or not for the reference instrument Langley calibration.
Supplements
Supplement 1 describes the diurnal variation of the digital counts (V λ ) and ln (V λ ) values as a function of airmass measured by the sunphotmeter on 6 case days.
Supplement 2 describes the statistics of the V 0λ values based on AM and PM data respectively. 
